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Hegults of an investigetion on improvinng nelf-
e neralive co»tlnPs for cnlumblum involing zinc
have been reported, 1) One approach was to add e
third clement (aluminum or nickel) to lowar the
vapor pressure of zinc, The temperature limit for
axidation resiztance wss ralead sbout 120 s Re-
placement of zinc by magnesfum and addition of o
15119 element ( copper, nickel, iron, silicon, or
antimony) were unsuccessful, Formation of CbSip
1n A mnlten zincealuminum bath {n the presence of
¥ resulted in oxidation protection for 20 hours
at @O0 F. Binery slloying f the substrate with
up to 19 percent vanadium, o percent chromfum, or
) percent zirconium offesed no improvement, How-
aver, additien of 10 to 15 percent titsnium not
unly gave sbout & 10 percent incresse in oxidation
1ife, but aleo eliminated the "silicide pest” be-
Lavior at 1100 to 16% F,
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Ynder NASA sponsorship, Chromalloy(Q) has in-
veestigated a variety of pack cementation siuminum-
haze cgntlnqs for the protection of Cr-5W-0,lY
koot 03] Of the systems studied, a simple aluminum
{roAlg = type) and iron-sluminum [ (Fe=Cr)y Al -
type] gave the best results. Under cyclic eir
s¥ication, these systems curvived over 600 hours
at 2100 F, compared with 100 hours for the uncoated
allcy. Oxldation life was sbout 200 hours st 2400 F.
ipder dynamic conditions of & meach 0,5 flame and
0y rpm rotation, the systems tended to fail in a-
Lot 100 hours at 2100 F, Protectiveness of the
wyntems was clocely relsted to AlCr04 and FeOeAlLs
srilda=type spinal formation which also 1imited
nitrcgen penetrstion. By ceusing substrate re-
crystallization, the coating process Increased the
pend dustile-brittle transition tempersture (no
~racks produced in & 90 to 10%-degree bend) from
alicut 00 to BOO F, However, the oxidation ex-
ponares radsed the transition to sbove 1600 F,
primarily because of aluminum diffusion into the
suybstrate, and secondarily becsuse of atmosphere
suntaminatiecn of the coating.

Alse under NASA sponecrehip, Battelle=Columbus
jus. investigated protectisn nf c(-yw-o.xv 3) using
gat=proasure=bonded alloy fotls.\4)  The outer 5
ta 10 mllethick layer consintad of Ni=30Cr or Ni-

L p=c0W which wore modifiod with 3 to 9 percent
sluminum tn some cages. The study also included
parricr layers of molybdenum, W-1ThOp, W-25Re, and
tyngsten, with the latter belng the most useful in
sreventing interdiffueion of nickel snd chromium.
sepatibility leyars of platinum or venadium

betwsen the outer snd barrier layers were not bene-
ficial. The outer cladding layers geve cyelic
oxidation resistance of over 600 hours at 2100 F

and about 100 hours st 2300 F, with the aluminized
Ni=-20Cr-20W alloy giving the best performence,

Repid oxidation occurred at 2400 F, After exposurc
for 100 hours st 2100 F, the bend ductile-hrittle
transition temperaturo was s minimum of about 1060 1.
After exposure st 2300 F, edge cracking was observed
and the transition wae over 1600 F. The mechanicms
of embrittiement included motallic interdiffusion et
200 F and by both interdiffusion and nitrogen con=-
remination st 2300 F,

ADATING PROTECTION FOR THERMIONIC DIODRS

In {ts development of thermionic diodes for
operation in hot oxidizing geses, Consolideted
Controle 18 dcvozo?inq coatings for protecting re-
fractory metals.'5) Elimination of free silicon
made posaible an impermesble grade of pyrolytic
54C, which sppesrs to be of sdequate quality for use
at 2%% t0 2900 F in air ss & barrier envelope.

This materisl demonstrated the required thermsl
shock quelities, corrosion resistance, snd adequate
permestion levels. Aleo daeveloped was & multi-
elemerit system consisting of iridium overlayed with
CeO-stabilized Z:0o for protecting tungsten in sir
at 3600 F for 2 to » hours. The protection con-
cept involved msintensnce of s finite partial pres-
sure cf iridium oxide within the costing by impeding
veporizetion.

SPACRCRAEL APPLICATICNS

Martin-Marietta has used coated columblum
allrys in brazed honeycomb sandwich psnels on the
lowrr wing surfece of s 1/3-scaln ?ogol of a high
L/D winged reentry vehicle, ASCEP.l6) Vacuum
brazing and coating D=-43 slloy with pack cemontaticn
TAW Cr=-Ti=S1 seriously degresded the alloy. Sub~
stitution of Sylvenis 51=20Cr=5T{ slurry costing
qave batter costing uniformity and resacnable oxida-
tion protection. However, considerably more effore
fe required to develop s relisble materisl-costing
system for flight applications.
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